Cancer is primarily a disease of the elderly. Greater than 60% of new cancers occur in people aged >65 years, and 60% of the current 10 million cancer survivors are aged 65 years. Given these large numbers and the potential vulnerability of older adults, older cancer survivors have become an especially important group to study. This article discusses published research on the physical and mental functioning of older cancer survivors. In the first part, the authors reviewed studies of those who are newly diagnosed at the age of 65 years. The second part reviewed the research regarding long-term (5 years) cancer survivors who are aged >65 years, but may have been diagnosed at a younger age. 
C
ancer is primarily a disease of the elderly. Greater than 60% of new cancers occur in people aged >65 years. 1 The incidence rate for all sites triples in persons ages 60 years to 70 years, compared with individuals aged 40 to 59 years. 2 Moreover, as the proportion of the US population aged 65 years increases, even greater numbers of older individuals will be diagnosed with cancer. 3, 4 Improved early detection and treatment have also increased the number of people who have cancer for an extended period of time. Of the current 10 million cancer survivors, 60% are aged 65 years, and >16% of US adults aged 65 years are cancer survivors. 5 Given these large numbers and the potential vulnerability of older adults, older cancer survivors have become an especially important group to study.
Survivorship represents a relatively new way of thinking about cancer as it is experienced by those who are diagnosed and treated for this disease. In the past, poor survival rates for the majority of cancers resulted in thinking of cancer as a ''death sentence.'' However, improved survival rates have made a survivorship orientation more realistic. This, along with the perspective of cancer as a chronic disease, 5, 6 has resulted in survivorship becoming a new focus for both the clinicians who treat cancer patients and the scientists who study them.
The term ''survivor'' now refers not only to those who have lived for an extended period of time after treatment, but also includes newly diagnosed individuals as well as those who are in treatment, have completed treatment, or are in remission. This change in orientation and language has been adopted and promoted by the American Cancer Society and the National Coalition of Cancer Survivors. In fact, the National Cancer Institute's Office of Cancer Survivorship defines a survivor as anyone who has been diagnosed with cancer. 7 Taken together, the definition of a cancer survivor now includes a range of individuals beginning with those newly diagnosed to those who have been free of cancer for decades.
This article discusses the physical and mental functioning of older cancer survivors across a temporal continuum. The first part reviewed research on survivors age 65 years who are relatively newly diagnosed (3 years) with cancer. The second part reviewed research on older survivors who represent long-term survivors. In reviewing the research, we focused on published research based on samples of cancer survivors aged >60 years only or research that specifically compared survivors of different age categories. We began our search with recently published articles identified through PubMed and added articles cited in these publications. This article did not attempt to provide an exhaustive review of all published research on older cancer survivors, but rather to present a sense of what is currently known regarding older cancer survivors, the limitations of this research, and directions for future research.
We should mention several factors that make comparisons across studies particularly challenging. One challenge is differing age distributions and cutpoints across studies. The most common cutpoint for older survivors is 65 years of age, but this is not used uniformly. Second, samples differ in their time since diagnosis. Some smaller studies have samples comprised of survivors with very explicit time intervals from diagnosis (eg, 3 months, 1 year), whereas other large cohort studies may have wider ranges (eg, any cancer survivor). Third, some studies control for important covariates, and others do not. As seen in this review, these covariates (particularly comorbidities and symptoms) are important considerations in studying older survivors. Fourth, studies involve different cancer sites. The majority of studies focus on breast cancer survivors, but others include survivors of multiple cancer sites. As seen in these studies, quality of life (QOL) issues vary by cancer site. Despite these challenges, there are some consistent patterns to the findings, and those patterns are the focus of this article.
Studies of Newly Diagnosed Older Patients
Although many studies have examined the physical and mental status of newly diagnosed cancer patients, to our knowledge few have focused specifically on older patients or on age-related comparisons. Even fewer provide comparisons with a general population. We classified these studies into 2 categories: 1) those that include older cancer survivors only or compare older and younger survivors, and 2) those that provide a comparison between older cancer patients with the general population.
Newly diagnosed older survivors (no comparison group)
Given et al 8, 9 and Ganz et al 10 have conducted what to our knowledge are the largest studies published to date focusing specifically on older cancer survivors during the first year after diagnosis ( Table 1) . The primary aim of these studies was to examine the trajectory of functioning in the year after diagnosis and factors related to better functioning. Both studies assessed functioning with the Medical Outcomes Study 36-item Short Form (MOS SF-36), but found somewhat different results in terms of the trajectory of functioning over time.
Given et al studied 907 newly diagnosed breast, colon, lung, and prostate cancer patients aged 65 years and found that physical functioning improved over 1 year 8 and that symptoms of depression decreased over 1 year. 9 Ganz et al 10 followed 691 newly diagnosed breast cancer patients aged 65 years for 15 months and found that both physical functioning and mental health on the SF-36 declined over time. It is difficult to determine why these studies found different patterns of functioning using the same instrument and similar timeframes. Differences cannot be explained by cancer site, because Given et al found improvement among all cancer sites.
Interestingly, Ganz et al found improvement over time on a cancer-specific psychosocial instrument (Cancer Rehabilitation Evaluation System). Both studies, however, found that the number of comorbid conditions was a significant predictor of changes in physical and mental health. Given et al 8, 9 also found that improvement in physical function was correlated with cancer site, being female, and having fewer symptoms; a decrease in depressive symptomatology was found to be correlated with cancer site, stage, physical functioning, and symptom severity. Age was found to be related to worse physical function in the study by Given et al, 8, 9 but was unrelated to outcomes in the report by Ganz et al. 10 Several studies have compared older and younger cancer survivors (Table 1) . By using various outcome measures, these studies consistently found greater psychologic morbidity among younger cancer patients compared with older survivors. [11] [12] [13] [14] [15] Possible explanations for this include cancer being an offtime event for younger women (most of these studies focused on breast cancer patients) and younger women having more family responsibilities, greater interference with work, more concerns about the impact of treatment on fertility, and fewer coping or financial resources. 13 Although older cancer patients may experience less psychologic effects of cancer than younger survivors, older patients report worse physical functioning. 11, 14, 16 Despite the consistency of findings, these studies were limited by the lack of adjustment for age-related differences in treatment. It is well established that younger cancer patients receive more aggressive cancer treatments, which could have a negative impact on their functioning. 17 
Cancer Patients Compared With the General Population
The studies reviewed above all lacked a comparison group of similarly aged individuals who had not been diagnosed with cancer and were unable to distinguish between age-linked effects resulting from the impact of cancer and those that are the result of aging. This distinction is especially important given that older patients are likely to have several comorbidities and other functional limitations. Two studies addressed this limitation by providing explicit comparisons of older cancer survivors with the general population ( Table 2 ). In a study conducted in Germany, Arndt et al 11 compared scores on the European Organization for Research and Treatment of Cancer QOL questionnaire (QLQ-C30) of cancer survivors who were 1 year after diagnosis with scores from a general adult population. They found differences between cancer patients and the general population among a younger cohort of patients, but not the older age group. Consistent with other studies, they found that among cancer survivors, age was correlated with better emotional and social functioning, but also poorer physical functioning.
Kroenke et al 18 used data from the Nurses' Health Study (NHS) and NHS 2 to analyze change in function among women diagnosed with breast cancer within a 4-year period compared with an agematched group of women who remained healthy over the same time period. A strength of this study 
Summary
Taken as a whole, research on newly diagnosed older cancer patients suggests that for older cancer survivors, cancer affects physical functioning more than psychologic functioning. Whereas older cancer patients may demonstrate some psychologic impact of cancer, this tends to be relatively short-lived and less detrimental than for younger patients. Although several hypotheses have been put forward as to why younger cancer survivors have greater psychologic morbidity, these hypotheses need to be explored further and tested. Conversely, older cancer patients may be more affected by cancer in terms of physical function. The presence of comorbidities is especially important and needs to be considered in any study of older cancer survivors.
Studies of Long-term Cancer Survivors
This section focuses specifically on the physical and psychosocial QOL of older-adult long-term survivors of cancer (5 years). The diversity of older adults included in these studies in terms of age at diagnosis, current age, and length of survivorship makes this literature difficult to synthesize. Studies often include individuals who range from ages 60 years to 90 years at the time of the study, but may have survived cancer for 25 years. This results in the inclusion of very different survivor subgroups. As in the previous section, studies of long-term cancer survivors can be categorized as: 1) those that include only cancer survivors and 2) those that compare cancer survivors to those without cancer. We reviewed each category separately.
Older adult long-term survivors only (no comparison group)
Many of the long-term survivorship studies that included older adults did not include a comparison group of similarly aged individuals without a history of cancer. As with other studies of survivors, the majority focused on breast cancer survivors. Our review (Table 3 ) reflects this pattern.
In a study of 316 breast cancer survivors aged >65 years who were followed for 5 years after diagnosis, Clough-Gorr et al 19 reported that mental health did not change for the majority of survivors.
Those survivors who did demonstrate a decline in mental health had poorer physical function at baseline. Ganz et al 20 found that age was positively related to general health, and that older breast cancer survivors reported less of an impact of cancer on their lives, a finding also reported by Stava et al. 21 Cimprich et al 22 compared long-term (5 years) breast cancer survivors diagnosed at different ages (<45 years, 45 to 64 years, and 65 years) and found that survivors diagnosed at an older age (aged 65 years) reported significantly poorer QOL in the physical domain, whereas those diagnosed at a younger age (aged <45 years) demonstrated worse QOL in the social domain.
Two groups of researchers have conducted studies focusing on long-term survivors of multiple types of cancers. Avis et al 23, 24 studied 242 long-term (5 years) survivors of breast, bladder, prostate, colorectal, head and neck, or gynecologic cancer. Approximately Eighty-five percent of this sample was aged >60 years, and 65% was aged >70 years. The mean time since diagnosis was 12.6 years. This study was conducted in the context of developing a QOL instrument specific to adult cancer survivors, the Quality of Life in Adult Cancer Survivors (QLACS) scale. The biggest problems cited by survivors were sexual problems, fatigue, and family-related concerns surrounding disease recurrence. 23 QOL varied by cancer site, with prostate and colorectal cancer survivors reporting the best QOL and head and neck and bladder cancer survivors the worst QOL.
Deimling et al [25] [26] [27] [28] [29] [30] also conducted a study of long-term breast, colorectal, and prostate survivors that specifically examined QOL issues. They studied 321 survivors aged >60 years who were at least 5 years after diagnosis. Their results demonstrated that nearly 40% of older survivors had at least 1 continuing symptom attributed to cancer or its treatment. Survivors who had chemotherapy and/or more types of treatment reported significantly more symptoms both during treatment and currently. Being African American or female was found to be significantly associated with more current symptoms and greater functional difficulty, but this was related to having more comorbidities and not to cancer-related factors such as cancer stage at diagnosis or treatment complexity.
In terms of specific symptoms, pain was the most commonly reported symptom, with 21% attributing this current symptom to their past cancer or its treatment. 27 Although cancer-related factors were significant correlates of pain, comorbidities and noncancer symptoms were stronger correlates. Greater than 40% of breast cancer survivors and nearly 20% of prostate cancer survivors reported pain, with breast cancer survivors reporting the highest levels of pain. Race was also a significant correlate of pain, with African-American women having the highest scores.
Greater than 40% of survivors reported feeling weakness or lack of energy within the past week, 26 with approximately 25% attributing it to cancer. However, as with other symptoms, the lack of energy and weakness reported by these older adult survivors was found to be more strongly related to age-related factors such as the number of other health problems rather than cancer.
This study also found important psychosocial outcomes of cancer. Nearly half of the older adult long-term survivors reported a range of cancerrelated worries such as fears of disease recurrence, fears of a new cancer, and fears that symptoms they experience may represent cancer. Furthermore, these fears were correlated with the number of cancerrelated symptoms experienced during treatment as well as current cancer-related or treatment-related symptoms. Importantly, cancer-related worries were found to be significant predictors of more general levels of distress such as anxiety and depression.
Comparison of long-term survivors to those without a cancer history
Most of the long-term physical and mental effects of cancer reported above are from studies that included only cancer survivors. To fully understand the impact of cancer on older persons, it is important to compare long-term survivors with individuals who have never had cancer. These studies are presented in Table 4 .
In a study focusing specifically on older adult, long-term survivors from the Health and Retirement study, Keating et al 31 compared cancer survivors with a population-based noncancer comparison group from this same study. Cancer survivors had higher rates of specific comorbidities such as lung disease, heart disease, arthritis, incontinence, frequent pain, and obesity compared with controls. Controlling for these comorbidities, survivors were still less likely to report being in excellent health and had more mobility and activity limitations than those without a history of cancer. Older long-term cancer survivors did not exhibit more psychiatric disease or depression, nor did they exhibit poorer cognitive functioning compared with those who never had cancer.
Robb et al 32 compared SF-36 scores and measures of psychologic well-being from a sample of older-adult breast cancer survivors aged 70 years with the scores of women who had never had cancer. Their analysis found that cancer survivors reported poorer physical functioning, bodily pain, more days per week with fatigue, and worse psychologic wellbeing than the comparison group. However, the comparison group was a sample of women enrolled in a longitudinal study of healthy aging, and therefore may have been particularly healthy.
Using data from the large Health Outcomes Study, Baker et al 33 compared SF-36 scores between those participants who had a history of cancer with age-matched participants who did not. They found that cancer survivors had poorer QOL on all subscales of the SF-36, but the effect sizes were small. Those who were currently in treatment for lung cancer or had >1 cancer were worse off. Comorbidities were found to be significantly related to healthrelated QOL. In what to our knowledge was 1 of the few studies that further broke down the group of patients aged >65 years, they found that the patients ages 65 years to 74 years reported better QOL than those who were aged >75 years.
Hewitt et al 5, 34 used data from the National Health Interview Survey to compare participants with a history of cancer with those without such a history. Analyses included survivors ranging from <2 years to those who had survived >20 years. Cancer survivors had more comorbidities and were more likely to report poorer overall health and limitations in activities of daily living. Survivors reported greater use of mental health services in general; this was noted particularly for younger women, who also reported greater psychologic problems. Although these analyses include both short-term and longterm survivors, 83% of the sample had been diagnosed >2 years previously.
Two studies were able to take advantage of existing large cohorts in which data were available before a cancer diagnosis. Sweeney et al 35 compared the functional limitations of female older-adult cancer survivors (ages 66 years-79 years) from the Iowa Women's Health Study with study participants who had never had cancer. Controlling for baseline characteristics (obesity, smoking, and diabetes) and comorbidities, they found that 5-year survivors, compared with those without a cancer history, were sig- 36 found that function decline was significantly correlated with the presence of comorbidities rather than cancer per se among participants aged 65 years.
Summary
The research regarding long-term cancer survivors is noteworthy for the consistency of findings that cancer survivors have more comorbidities and poorer functioning (independent of comorbidities) than noncancer survivors. The consistency of this research is in contrast to that of newly diagnosed older patients, in whom the effects of cancer due to age are not as apparent. It thus appears that age-related differences may arise over time. This may be the result of the late effects of cancer and its treatment, consequences of underlying risk factors for cancer (eg, smoking and diet), or the interaction of cancer and aging. This highlights the importance of studying the late effects of cancer and developing interventions to prevent loss of functioning with age.
Summary and Future Research Directions
The literature suggests that older cancer survivors are likely to be more affected by cancer in terms of physical compared with psychologic function. Physical domains also may be more important to older persons, for whom impairments in mobility may mean the difference between independent and assisted living. The literature has consistently shown that older breast cancer survivors are less likely to have psychologic morbidity than younger survivors. However, comparisons with noncancer patients in some studies suggest that older cancer survivors may be faring worse psychologically than noncancer survivors. In the context of older cancer survivors, it is important to consider the impact of an acute cancer episode on a background of other chronic conditions and deterioration in physical functioning that is part of normal aging. To our knowledge, very few studies to date have measures of functioning before a cancer diagnosis and treatment, thus making it difficult to determine the direct impact of cancer.
Limitations of Research
The majority of studies reviewed herein focused on breast cancer survivors. This is largely a result of the large numbers of long-term breast cancer survivors. However, the extent to which these findings can be generalized to men, cancers that progress more quickly, and cancers with different patterns of treatment is unknown. Another limitation is that most studies do not report effect sizes, which is particularly important for some of the studies that determined statistical significance with large sample sizes.
Studies comparing older and younger cancer survivors do not take treatment characteristics beyond type of surgery or adjuvant therapy into account. This is an important consideration because older persons tend to receive less aggressive treatment because of the greater likelihood of estrogen receptor-positive tumors, the presence of comorbid conditions, and lower functional status, 17 and more aggressive treatment may impact QOL. To truly understand the impact of age on cancer survivorship, it is important to control for type of treatment received.
Although many studies control for comorbidities, others do not. The long-term effects of cancers that are common among older adults often coexist along with other health problems associated with aging. Thus, older adults may experience this dual vulnerability. Over a decade ago, Havlik et al 37 identified comorbidities as a significant issue among cancer survivors and found them to increase with advancing age. Recently, others have also identified the presence of comorbidities among older survivors as 1 of the key issues to be addressed by research on cancer and aging. 38 Finally, it should be noted that few articles report effect sizes, but in those that do, the effect size is often modest. This is noted especially in studies with large sample sizes, in which small effects can be statistically significant.
The following approaches to future research are suggested:
Any study of older cancer survivors needs to consider comorbidities and their interaction with a cancer diagnosis. As observed in the studies described herein, comorbidities are important determinants of QOL. Comparisons with age-matched noncancer populations are critical for understanding the impact of cancer on older persons. These comparisons are particularly important in the context of other functional declines that occur with aging and are not attributable to cancer. Prospective studies that measure physical and mental health functioning before treatment are needed to assess changes in functioning resulting from treatment. Age groupings of older survivors need to be broken down further into young-old and old-old. To our knowledge, the majority of research published to date combined all survivors aged >65 years. However, some research has shown age differences even among those aged 60 years. 8, 29, 33 The general gerontologic literature would recommend separating the young-old from the old-old, because research has shown that there are important health, functioning, and psychosocial differences among age groupings of older adults. It is important to identify subgroups of older survivors at greatest risk. This may include those who have poor functioning at the time of diagnosis, low social support, or comorbidities. Cancer site and type of treatment may also be important. Greater emphasis is needed on recruiting older persons into clinical trials. Relatively few elderly persons are accrued to clinical trials because of concerns that older patients cannot tolerate or will not benefit from treatment 17 or restrictive inclusion/exclusion criteria. 39 These criteria need to be carefully evaluated to ensure that older persons are not excluded unnecessarily. Interventions are needed to reduce the impact of cancer on functioning. Existing behavioral interventions that have shown benefits among cancer survivors in general need to be applied to older patients. In some instances, this may mean adjusting the modality or specifics of the intervention (eg, exercise).
A more detailed discussion of the implications for future research is provided in the article by Bellizzi et al in this issue. 40 
